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In view of the above amendments and following remarks, reexamination and reconsideration 
are respectfully requested. 

By this Amendment, the Applicant has cancelled each of claims 1 -1 5 in favor of newly added 
claims 16-23. Accordingly, it is submitted that claims 16-23 are currently pending in this 
application. 

Further by this Amendment, the specification and abstract have been reviewed and revised 
so as to make minor editorial amendments. Enclosed herewith is a marked-up version of the 
originally filed specification and abstract entitled "Version with markings to show changes made" 
which reflects the changes made therein. Also enclosed herewith is a substitute abstract. The 
Applicant submits that no new matter has been added. 

Concurrently submitted herewith is a cover letter RE: Proposed Drawing Amendments along 
with a copy of Figures 1 , 3, 4, 7, and 1 la marked in red so as to make minor editorial changes. The 
Examiner's approval for such changes is respectfully requested. 

Moreover, concurrently submitted herewith is a formal claim for priority along with certified 
copies of each of the two priority documents. The Examiner's acknowledgment of receipt of the 
formal claim for priority and certified copies of the priority documents is respectfully requested. 

It is noted that the Examiner has rejected original claims 1-15 under 35 U.S.C. 102(b) or 35 
U.S.C. 103(a) for the reasons found in paragraphs 3-6 on pages 2-3 of the Office Action. 

Without intending to acquiesce to the Examiner's aforementioned prior art rejection, the 
Applicant has canceled originally presented claims 1-15 in favor of newly added claims 16-23. 

It respectfully is submitted that the present invention, at least as claimed in newly added 
claims 16-23, clearly patentably distinguishes over the references relied upon by the Examiner for 
at least the following reasons. 

Starting first with a discussion of conventional flow rate sensors, it is noted that thermal type 
flow rate sensors have been conventionally used. Such conventional thermal type flow rate sensors 
apply heat to a fluid flowing through a sensor tube and detect a quantity of heat carried away by the 
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flowing fluid. Moreover, in the conventional thermal type flow rate sensor, a heating temperature 
for the sensor tube is higher than room temperature by several tens of degrees Celsius. It is noted, 
however, that some liquid materials for semiconductors are extremely unstable as a result of heat and 
such materials form reaction products as a result of heat applied to the sensor tube. As a result, it 
is necessary to periodically clean the sensor tube in such conventional flow rate sensors. Moreover, 
as a result of the heat applied to the sensor tube, a convection current is generated in the air outside 
the sensor tube such that a tilt error occurs as a result of a mounting direction of the sensors. Also, 
when a liquid flows in the sensor tube, air bubbles are likely to be formed in the liquid as a result of 
heat applied to the sensor tube. The formation of such air bubbles can result in large measurements 
errors. 

Additionally, it is noted that the aforementioned conventional thermal type flow rate sensor 
implements a sensor tube having a small inner diameter and, as a result, the flow rate which can be 
measured by the sensor is limited. In order for the conventional flow rate sensor to measure a flow 
rate exceeding a certain level, it is necessary to provide a bypass portion in which a fluid flows at 
a flow rate proportional to that in the sensor portion. However, this necessitates the use of a rather 
complicated sensor and errors arising from the use of a divided flow can result. Moreover, when the 
bypass portion is clogged, a large measurement error is likely to occur. 

Turning now to the present invention, an object of the present invention is to provide a flow 
rate sensor which is free from the aforementioned problems experienced by the conventional thermal 
type flow rate sensors and which is capable of conducting measurement of a fluid flow rate at a low 
heating temperature for the sensor tube. 

As claimed in newly added independent claim 16 of the present application, the flow rate 
sensor according to the present invention, in pertinent part, comprises: a sensor tube guide adapted 
to cover the sensor tube and contact the sensor tube; a plurality of narrow inner tubes provided 
within the sensor tube; a pair of heating resistors operable to heat the sensor tube, the heating 
resistors being provided on the sensor tube guide; a temperature sensor operable to control 
temperatures of each of the heating resistors; and a voltage applying device operable to set an 
increase in temperature of each of the pair of heating resistors; wherein the flow rate sensor is 





adapted to detect a flow rate of the fluid flowing in the sensor tube based on variations of voltages 
applied to the pair of heating resistors, the variations occurring according to the flow rate of the fluid. 

Thus, as can be realized by the above discussion, the flow rate sensor of the present invention 
is characterized by using a plurality of narrow inner tubes provided within the sensor tube. 
According to the flow rate sensor of the present invention (as shown in Figure 8) in which the 
plurality of narrow inner tubes 53 are provided within the sensor tube 52, a laminar flow of fluid is 
obtained and, as a result, a linear output superior to that of a single tube is obtained. Nonetheless, 
the inventors of the present invention have recognized that, when a plurality of tubes are superposed, 
heat capacity is increased, thereby resulting in an undesirable and impractical lengthening of a 
response time. However, in order to address this concern, the flow rate sensor of the present 
invention is provided such that the sensor tube is covered by a sensor tube guide while being kept 
in contact with the sensor tube. As a result, a response time is shortened to a practical level. 
Moreover, as recited in new dependent claim 17, it is noted that the flow rate sensor of the present 
invention is provided such that the increase in temperature of each of the heating resistors is made 
5 °C or less than a temperature of the temperature sensor, thus shortening the time required to reach 
a temperature equilibrium. 

It is submitted that the above discussed features of the present invention are encompassed 
within the limitations of newly added independent claim 16 and newly added dependent claim 17. 
Furthermore, it is submitted that the above limitations, and the advantages resultant therefrom, are 
clearly not disclosed, suggested, or rendered obvious by any of the references cited by the Examiner 
taken either alone or in combination. 

The Applicant would like to emphasize that the aforementioned features of the present 
invention were obtained by experimentation/trial procedures and, as such, it is submitted that the 
present invention, at least as claimed in newly added independent claim 16, would not be obvious 
to one of ordinary skill in the art. 

The Applicant submits that the prior art references cited by the Examiner, either taken alone 
or in combination, fail to disclose, suggest, or render obvious each of the features of the present 
invention at least as now claimed in newly added independent claim 17 of the present application. 
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For at least the foregoing reasons, it is adamantly submitted that newly added independent 
claim 16, as well as newly added claims 17-23 dependent therefrom, clearly are allowable. 

In the event however that the Examiner has any comments or suggestions of a nature 
necessary to place this case in condition for allowance, then the Examiner is requested to contact 
Applicants' undersigned Attorney by telephone to promptly resolve any such matters. 



Respectfully submitted, 
Isao SUZUKI 

By:_ 

Dhiren R. Odedra 
Registration No. 41,227 
Attorney for Applicant 

DRO/jmb 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
May 31, 2001 
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FLOW RATE SENSOR ^ JMfi<^IUTW£^- 

BACKGROUND OF THE INVENTION A Sl f>V SOB- rCs<g£ 

The present invention relates to a flow rate. sensor 
capable of connoting measured of a fluid flow rate with 
high sensitivity, without the need to heat the fluid to a 

high temperature. 

in a process for manufacturing semiconductors, a flow 
r ate sensor is used as a flow rate controller for stably 
supplying a liquid material, such as TEOS (tetraethyl 
orthosilicate, . a copper (I) compound. DMAH (dymethyl 
aluminum hydride, or the li*e. For use as such a flow rate 

wne flow rate sensor has 
sensor, in many cases, a thermal type flow 

bee n conventionally used. A thermal type flow rate sensor 
applies heat to a fluid flowing through a sensor tube and 
; detects a q ua„tity of heat carried away hy the flowing fluid. 
In a conventional thermal type flow rate sensor, a 
heating temperature for the sensor tuhe is higher than room 
temperature hy several tens of degrees Celsius. However, 
some types of liquid materials for semiconductors are 
•0 extremely unstable relative to heat and form reaction 

pr oducts as a result of heat applied to the sensor tuhe. 
Therefore, the sensor tuhe must he periodically cleaned. 
Further, as a result of heat applied to the sensor tuhe. a 

^ . air outside the sensor 
convection current is generated in air outs 

* a tilt error due to the direction of mounting 
25 tube, so that a tilt error 

of the sensor occurs. 

Further, when a liquid flows in the sensor tube, air 
hubbies are ^ to he formed in the liquid as a result of 

likely _ x _ 
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heat applied to the sensor tube. The formation of «r 
oubbles can result In large measurement errors. 

Rs a gS&t heating the sensor tube of the above- 
mentioned thermal type flow rate sensor, a heating resistor 

wall surface of the sensor tube so as to provide a 
resistance of about 100 to 300 fl. and a current Is supplied 
to the heating resistor for heating. The length of the coxl 
is about several mm. and the sensor tube has an inner 
ai ameter of about 0.3 mm and an outer diameter of about 0.4 

A bout 100 mw of power is supplied to the heating 
resistor, so as to heat the heating resistor to about 80 C. 
K fluid is flowed in the sensor tube in this state, and 
variation of a resistance of the heating resistor is 

.p the flui d (reference is made to, for 
detected during flow of the fluid k 

example, U.S. Patent No. 3,938.384). 

i *.,mo -Flow rate sensors, an 
Generally, in thermal type flow ra 

output flow rate from the sensor coincides with an actual 
f low rate, as long as laminar flow of the fluid can be 
0 maintained in the sensor tube. When a ^^T* 
.ecomes high, turbulent flow is generated, In th s case 

To enable accurate measurement of a high flow rate of 
fl uld. a sensor tube having a large diameter and a 
25 sufficient!, large length should be used. However, such a 

sensor tube is too large and is unsuitable for prac xcal use. 
Th erefore. conventionally a fluid flow has been ^ ^ 
b etween a sensor portion in which the flow rate of the 
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ls detected in a range of 1 =c/min. or less and a bypass 

portion for increasing the flow rate. In this technic, no 

section of the flow rate is conducted at the bypass 

portion, so that the bypass can be designed without 

restraint. Therefore, various arrangements of a small flow 

- fhic 4- vne have been developed, 
rate sensor of thxs type nave 

r\-f i-iils tvpe, the inner 
. n -Flow rate sensor or tnxs 
However, xn a rxow 

ai ameter of the sensor tube is small, so that the flow rate 
wh ich can be measured by the sensor is limited. Xn order 
measure a flow rate exceeding a certain level, it xs 
uecessary to provide a bypass portion in which a fluid flows 

at a flow rate proportional to that in the sensor portion. 

This necessitates use of a complicated sensor, and errors 

• «om the use of a divided flow can result. Further. 

arising from tne use ui 

w hen the bypass portion is clpgged. a large measurement 
error is liRely to occur. 
SUMMARY OF THE INVENTION 

In view of the above, the present invention has been 
mad e. Xt is an object of the present invention to provide a 
a flow rate sensor which is free from the above-mentioned 

problems accompanied by conventional thermal type flow rate 
sensors and which is capable of conducting measurement of a 
f lui d flow rate at a low heating temperature for the sensor 

^cording to the present invention, there is provided 
a flow rate sensor comprising: a pair of heating 

* — ~ tube; a te ^ erature sensor ^ 

controll^respective temperatures of the heating 



tube. 

25 
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resistors, and a case jfn^ «- — resists an fl 
the temperature sensor. 

The flow rate sensor is adapted to detect a flow rate 

of a fXuid flowing in the sensor tube, based 
of voXtages appXied to the heating resistors . 

nations occur according to the f Xow rate ^ 
The sensor further comprlses^oXtage appXying 
arbitrary set^g an increase in temperature of each of 
the neating resistors. The sensor tube has opposite ends 
thereof thermaXly connected to the case. The temperature 
s ensor is positioned to b e e,uidistant from the opposite 

ends of the sensor tube. 

In the present invention, an increase in temperature 

, ^ t-o r n — less from a 
of the heating resistors may be 5 C or les 

temperature of the temperature sensor. 

Further, the sensor tube may have a U-shaped 

configuration. part ially covered with 

The sensor tube may be at least partxaixy 

a material having high heat conductivity. 

Further, a pluraiity of narrow inner tubes may be 
provided within the sensor tube. 

F urther. a sensor tube guide made of a materiaX having 

high heat conductivity and adapted to cover the sensor tube 

m ay he provided on the sensor tube, the sensor tube guide 

• ^ heating resistors provided thereon. 
9^ having the neatiny 

further, the sensor tuhe guide may encXose the sensor 

tube and may be removahXy provided in the case. 

Further, the heating resistors may comprise metaXXic 
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thin films. 

The foregoing and other objects, features and 
advantages of the present Invention will be apparent from^ 
th e following detailed description and appended cleans taKen 
5 In connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig . i shows a relationship between the resistance of 
and the power supplied to a heating resistor^ for explaining 
the Pr-lple of a flow rate sensor of the present Invention. 

Fig. . Is a Plan view of a flow rate sensor according 
to a first embodiment of the present Invention)^ which an 

upper case is removed. 

Fig . 3 is a cross-sectional view of the flow rate 

*-na to the first embodiment of the present 
sensor accordxng to the n« 

15 invention. or Qf 

Fig. 4 is a circuit diagram of the flow 

the present invention. 

Fig. » is a plan view of the flow rate sensor 
according to the second embodiment of the present Invention^ 
20 in which an upper case Is removed. 

Flg . 6 ls a cross-sectional view of the flow rate 
sensor according to the second emhodlment of the present 

invention. m 

Plg 7 is a longitudinal cross-sectional view of 

„ *„r- the flow rate sensor according to the 
25 sensor tube used for the flow 

second embodiment of the present Invention. 

Fig . 8 is a cross-sectional view of the sensor 
Flg 7 according to the second embodiment of the present 
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invention)/ "taken along the line X-X. 

Fig. 9 is a graph showing output characteristics of 
ttl e flow rate sensor according to the second embodiment of 
the present invention. 

Fig. 10. is . Plan view of a lower case of a sensor 
tube guide used for the flow rate sensor according to the 
second embodiment of the present invention. 

Fig. 10b is a bottom view of the lower case of the 
sensor tube guide used for the flow rate sensor according to 
the second embodiment of the present invention. 

Fig. lla is a plan view of a lower case of the flow 
rate sensor according to the second embodiment of the 

present invention. 

Fig. lib is a bottom view of the lower case of the 
flow rate sensor according to the second embodiment of the 

present invention. 

Fig. 12 is a longitudinal cross-sectional view of a 
sensor tube used for a flow rate sensor according to a third 
embodiment of the present invention. 
20 DETAILED DESCRIPTION OF THE INVENTION 

Hereinbelow. a flow rate sensor of the present 
invention is described, referring to Figs. 1 to 12. In Figs. 
1 through 12. the same parts or portions are designated by 
the same reference numerals and characters, and overlapping 
explanation" thereof Remitted. First, the principle of the 
flow rate sensor of the present invention is explained. 
Generally, in thermal type flow rate sensors, when the power 
applied to the heating resistor is Increased to thereby 
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incre.se the heating temperature, the sensitivity of the 
sensor becomes high. Therefore, as a method for improving 
the sensitivity of the thermal type flow rate sensor, a 
method of increasing the voltage applied to the heating 
resistor is generally employed. 

However, the above-mentioned method cannot he applied 

tyP e flow rate sensor when the power applied to the heating 
resistor is maintained at a predetermined level. As a 
result, a characteristic curve X such as indicated In a 
graph shown in Fig. 1 ^s heen ohtalned. That Is. It has 
b een found that when a resistance R of the heating resistor 
increases.Ctection sensitivity (relative sensitivity, of 
the sensor Increases In proportion to the so.uare of the 
resistance K of the heating resistor. 

on the other hand, when the resistance R of the 
heating resistor is increased while maintaining a voltage V 

, ctnr at a predetermined level, a 
applied to the heating resistor at a pr 

, power P supply th % heat.g ^ of 

indicated by X X in the 9 ™ P * 

this fact and the ahove-mentioned finding that the detection 
sensitivity becomes high as the resistance °f ^he^eat^g^ ^ 

the nresent inventories found that 
resistor becomes high, the pjsesei 

!5 when a measurement range of flow rate Is 

.elected. It Is possible to obtain a flow rate sensor having 
desired sensitivity. Specifically, the o^t inventor^ 
found from results of experiments that sufficient 0 £rU. 

- 7 - 1 j tn S*«* l ' e "* 
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sensitivity can be obtained by using the heating resistor 
having a resistance of about 600 Q. even when the power 
applied to- the heating resistor is as low as about 25 mW, 

When the power applied to the heating resistor becomes 
low. the heating temperature also becomes low. thereby 
enabling use of the sensor for the. heat -susceptible fluid. 
On the other hand, when the heating temperature is low, the 
sensor is likely to be affected by room temperature and the 
like. This can be avoided, however, by controlling the 
temperature of the heating resistor by enabling respective 
temperatures of opposite ends of the sensor tube to be the 
same and controlling a value corresponding to each of the 
respective temperatures . 

Figs. 2 and 3 show an arrangement of a flow rate 
sensor according to a first embodiment of the present 
invention. A rectangular upper case 1A and a «~t«wugr 
lower case IB are fixedly connected to each other^mentfs 
^ screws, to thereby obtain a case 1. Each of the upper 
case 1A and the lower case IB includes: a U-shaped groove 2 
which provides a space for containing a central portion of a 
U-shaped sensor tube 32= bore portions 4 for containing 
circular flanges 3 to be fitted onto opposite end portions 
of the sensor tube 32= and connecting grooves 5 for 
connecting the groove 2 and the bore portions 4. The sensor 
tube 32 is made of stainless steel (HS SOS 316) and has an 
outer diameter of 1.6 mm and an inner diameter of 0.8 mm. 

The connecting grooves 5 are formed so as to provide a 
diameter such that the sensor tube 32 and the case 1 make 
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etching resistors E, and R. has a resistance of 1.076 Q at 
room temperature (20°C). 

As each of the heating resistors R, and R,. use is 
made of a resistor having a temperature coefficient of ahout 
5 3 800 ppm which is the same as the temperature coefficient 
of the temperature measurement matching resistors R, and R.. 
As mentioned above, the temperatures of the heating 
resistors R, and R, are made 3°C higher than those of the 
temperature measurement matching resistors R 5 and R s . that 
10 is 23-C. Therefore, as each of the heating resistors R, 
and R.. a resistor having a resistance of 1.087 Q is used. 
!„ this arrangement, a current is supplied to the bridge 
circuits until respective temperatures of the heating 
resistors R, and R, become 23'C and the value of resistance 
18 of each of the heating resistors R, and R, becomes 1.087 Q. 
to thereby conduct heating. In this Instance, the current 
is also supplied to each of the temperature measurement 
matching resistors R, and R ( . However, an increase in 
temperature of the temperature measurement matching 
20 resistors R, and R. can be ignored, because the lower case 
IB is made of aluminum having a sufficiently large heat 
capacity as compared to the sensor tube 32 and the 
temperature measurement matching resistors R, and R. are 
adhered to the lower case IB by means of an adhesive 
25 material. Heating of the temperature measurement matching 
. resistors R, and R. can be easily prevented by setting the 
value of resistance of each of the temperature measurement 
matching resistors R s and R. and the heating resistors R, and 
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R. to a high level. In the flow rate sensor In this 
embodiment, when ETOH (ethyl alcohol) was used as the flow 
fluid in the sensor tube 32. satisfactory output linearity 
could be obtained in a measurement range of flow rate of 
5 from 0 cc/min. to 0.1 cc/mln. Further, because the 

temperature of the sensor tube 32 was maintained at a low 
level stable measurement could be conducted without 
occurrence of a problem such as formation of air bubbles in 
the ETOH. which is encountered in conventional techniques. 
10 in the present invention, the problem of formation of air 
bubbles can be avoided in most fluids by limiting an 
increase in temperature of the heating resistors for heating 
the sensor tube 32 to 5 -C or less. According to the present 
invention, it has become possible to conduct appropriate 
16 measurement of a flow rate even when an increase in 

temperature of the heating resistors is extremely small, 
i.e.. 5°C or less. Thus, in the first embodiment of the 
present invention (as well as other embodiments of t*^^ 
present invention), use is made of "voltage applying .^eans 
20 ^a^fentf voltages to the heating resistors so that an 

increase in temperature of the -nsortub^due to^the . effect 
of the heating resistors is several >CV 

Figs. 5 and 6 show an arrangement of a flow rate 
sensor according to a second embodiment of the present 
25 invention. A rectangular upper case and a lower case 11B in 
substantially the same form as the upper case are fixedly 
connected to each other by means of screws, to thereby 
obtain a case. In the upper case and the lower case 118. a 
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tube guide 60 is contained. The tube guide 60 is adapted to 
contain a U-shaped sensor tube 52 shown in Fig. 7 as a 
single unit. The sensor tube 52 is made of stainless steel 
(JIS SUS 316) and has an outer diameter of 4 mm and an inner 
5 diameter of 3 mm. In this embodiment, as shown in Fig. 8. a 
plurality of inner tubes 53 made of stainless steel (JIS SUS 
316). each having an outer diameter of 1.0 mm and an inner 
diameter of 0.8 mm. are provided within the sensor tube 52. 
such that respective outer wall surfaces of the inner tubes 
10 53 are in contact with each other. This comes from an idea 
such that it is possible to achieve the same effect as that 
of a single large-diameter arid long sensor tube by employing 
a bundle of narrow sensor tubes each having an inner 
diameter of about 1 mm. The circular flanges 3 shown in Fig. 
15 7 are fitted onto opposite end portions of the sensor tube 

in the flow rate sensor arranged as mentioned above, 
in which the plurality of inner tubes 53 are provided within 
the sensor tube 52. a laminar flow of fluid was obtained and 
20 as a result of this, an improvement of output characteris- 
tics was observed. Fig. 9 shows the improvement of output 
characteristics of the flow rate sensor in this embodiment, 
in Fig. 9. a curve > J indicates output characteristics of the 
sensor utilizing the sensor tube 52 which has the inner 
25 tubes 53 provided therein. A curve> indicates output 
characteristics of the sensor utilizing the sensor tube 
having no inner tubes 53. From Fig. 9. it is understood 
that with respect to the sensor utilizing the sensor tube 52 



- 14 



(having the inner tubes 53 provided therein) . a flow rate 
range in which a linear output is obtained is about three 
times wider than that of the sensor utilizing the sensor 
tube having no inner tubes 53. 
5 The arrangement of the tube guide 60 for covering the 

sensor tube 52 is shown in Figs. 10a and 10b. The tube 
guide 60 comprises an upper case and a lower case. Figs. 
10a and 10b show only the lower case of the tube guide 60. 
but the upper and lower cases of the tube guide 60 are 
10 basically in the same form. Each of the lower case and the 
upper case of the tube guide 60 is made of aluminum, and has 
a long platy form with one end portion having a semi- 
circular form and the other end portion having a pedestal- 
like form. 

X5 Each of the upper and lower cases of the tube guide 60 

includes: a U-shaped groove 61 for containing the U-shaped 
sensor tube 52. such that the U-shaped sensor tube 52 is in 
contact with the tube guide 60; recesses 62 for containing 
the circular flanges 3 to be fitted onto the opposite end 
20 portions of the sensor tube 52, and a threaded bore 63. The 
threaded bore 63 is used for connecting the upper case and 
the lower case b^^s^f screws . after the upper and lower 
cases are fixed to each other by using an adhesive material 
so as to cover the sensor tube 52. Each of the upper and 
25 lower cases includes a slot 64 conforming to the shape of 

the sensor tube 52. 

The tube guide 60 is provided from the viewpoint of 
rapid transition to heat balance in the sensor tube 52. 

- 15 - 
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That is, although the sensor tube 52 is made of stainless 
steel (JIB SUS 316) to provide high corrosion resistance, 
corrosion-resistant alloys such as stainless steel have poor 
heat conductivity. In addition, the sensor tube 52 has poor 
output response time due to its relatively large diameter. 
Therefore, as mentioned above, the sensor tube 52 is ■ 
entirely covered with the tube guide 60 made of a material 
having high heat conductivity, such as aluminum. By this 
arrangement, the occurrence of heat balance in the sensor 
tube 52 can be accelerated, leading to^qolc* output response 
time. 

The tube guide 60 is contained in the upper case and 
the lower case 11B [shown in Figs. 11a and lib] of the 
rectangular case. The case is obtained by fixedly ^ 
connecting the upper case and the lower case 11B 
screws. Each of the upper case and the lower case 11B 
includes a recess 55 conforming to the contour of the tube 
guide 60, for accommodating the tube guide 60. 

in this embodiment, four heating resistors 70-1 to 70- 
4 (Fig. 5) are attached to the tube guide 60. Each of the 
heating resistors 70-1 to 70-4 comprises a platinum chip 
resistor including a ceramic substrate and a platinum 
resistor deposited on the substrate by vapor deposition. 
The value of distance of each of the heating resistors 
70-1 to 70-4 is 1 kQ. The heating resistors 70-1 and 70-2 
are connected in parallel so as to correspond to the heating 
resistor 35A in Fig. 4. and the heating resistors 70-3 and 
70-4 are connected in parallel so as to correspond to the 
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heating resistor 35B in Fig. 4. 

Thus, two resistors each having a resistance of 1 *Q 
are connected in parallel and V used as a heating resistor 
having a resistance of 500 Q. By this arrangement. 
5 sufficient sensitivity of the sensor can be obtained by 

supplying less current, that is. by generating less heat, as 
compared to the conventional wound type heating resistor 
having a resistance of about 100 Q to 300 Si. 

As the temperature sensor 7 for measuring a reference 
10 temperature for heating the sensor tube 52. a platinum chip 
resistor having a resistance of 1 kO is adhered to the case 
1. Further, the heating resistors 70-1 to 70-4 each 
comprising the platinum chip resistor on the tube guide 60 
are heated so that respective temperatures thereof become 
15 higher than the above-mentioned reference temperature by 
about 2°C. 

men the fluid flows in the sensor tube 52. due to the 
occurrence of transmission of heat through the fluid, the 
voltages applied to maintain the temperatures of the heating 
20 resistors 70-1 to 70-4 on the tube guide 60 at a 

predetermined level vary. By detecting the variations of 
the applied voltages, a mass flow rate of the fluid can be 
detected. In the embodiment shown in Fig. 5. satisfactory 
output linearity could be obtained in the flow rate range of 
25 0 to 6 cc/min. The tube guide 60 is of a cartridge type. 
Therefore, to conduct measurement over different flow rate 
ranges, the same sensor can be used simply by replacing the 
tube guide 60 with another tube guide suitable for a desired 
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flow rate range. Thus, the sensor can be applied to 
measurement over a wide range of flow rate. 

Thus, in the second embodiment, measurement can be 



conducted over a wide range of flow rate by^ueaffs>f a small 
flow rate sensor without the need to use the bypass portion. 
Further, because a material having high heat conductivity is 
used for the tube guide 60, a response time for output can 
be reduced, leading to Kj^Ick response. Because the tube 
guide 60 is used, it is possible to replace a conventional 
cumbersome operation for winding the heating resistor around 
the sensor tube by adhering the chip resistor on the tube 
guide. This markedly improves manufacturing efficiency with 
respect to the sensor. With regard to the chip resistors 
used as the heating resistors on the tube guide 60. a chip 
resistor which produces only extremely minor measurement 
errors at an arbitrary value of resistance can be easily 
obtained. Therefore, the sensor including detection 
circuits can be designed with a high degree of freedom. 
Further, the heating temperature for the sensor tube 52 is 
controlled so that it is merely 2°C higher than the 
reference temperature of the case 1. so that the sensor tube 
can be applied to the fluid susceptible to heat. Needless 
to say, providing narrow tubes in the sensor tube and using 
the metallic thin- film chip resistors as the heating 
resistor in this embodiment can be applied to other 
embodiments of the present invention. 

Next, referring to Fig. 12, a flow rate sensor 
according to a third embodiment of the present invention is 
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explained. In this embodiment, silver plating 33 is formed 
on a surface of the sensor tube 32 so as to improve heat 
transmission on the sensor tube 32. The sensor tube 32 
having the silver plating 33 formed thereon is applied to 
5 the flow rate sensor in the first embodiment shown in Figs. 
2 and 3. Therefore, a wound type resistor is applied to the 
sensor tube 32. The value of resistance of this wound type 
resistor is 1 kQ which is higher than that of the 
conventional wound type resistor. An amount of change in 
10 the value of resistance of the resistor due to a temperature 
change is increased^ so as to operate the sensor at a low 
heating temperature. 

Because the silver plating having high heat 
conductivity is formed on the surface of the sensor tube 32. 
15 the occurrence of heat balance on the sensor tube 32 is 

accelerated, leading to ^Lck response time. In the third 
embodiment, the sensor tube 32 is a narrow tube having an 
inner diameter of 0.8 mm. Therefore, it is unnecessary to 
provide narrower tubes in the sensor tube 32. 
20 As has been described above the flow rate sensor 

of the present inventions comprising a pair of heating 
resistors Jet heat^fg a sensor tube, a temperature sensor 
fofcof^lU^ respective temperatures of the heating 
resistors and a case fi& hold^ the heating resistors and 
25 the temperature sensor, wherein the sensor is adapted to 
detect a flow rate of a fluid flowing in the sensor tube)^ 
based on variations ofvoltages applied to the heating 
resistors, ^h^ar^ttons occur according to the flow rate 
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of the fluid, ^voltage applying ipaans^fof arbitrarily set£*iSg 
an increase in temperature of each of the heating resistors 
irsprovided. Therefore, according to the present invention, 
a flow rate sensor which has high sensitivity and which 
produces only extremely minor measurement errors under the 
influence of heat can be obtained/by appropriately 
selecting the values of resistance of the heating resistors 
so that an increase in temperature of the sensor tube due to 
the effect of the heating resistors is several^. 
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WHAT IS CLAIMED IS: 

1. A flow rate sensor comprising: 

N \ N ^a pair of heating resistors for heating a sensor tube; 

a\temperature sensor for controlling respective 
temperature^ of the heating resistors; and 

a case X or holding the heating resistors and the 
temperature sensor, 

the flow rate^sensor being adapted to detect a flow 
rate of a fluid flowing in the sensor tube, based on 
variations of voltages applied to the heating resistors, 
which variations occur according to the flow rate of the 

fluid, \^ 

wherein (1) the sensor further comprises voltage 
applying means for arbitrarily setting an increase in 
temperature of each of the heat inc^res is tors . (2) the sensor 
tube has opposite ends thereof thermally connected to the 
case and (3) the temperature sensor isv positioned to be 
equidistant from the opposite ends of the sensor tube. 

2. A flow rate sensor according to claim 1, wherein the 
sensor tube has a U-shaped configuration. 

3. A flow rate sensor according to claim l,\wherein the 
sensor tube is at least partially covered with a\materlal 
having high heat conductivity. 

4. A flow rate sensor according to claim 1, wherein a 
plurality of narrow inner tubes are provided within thi 
sensor tube. 

5. A flow rate sensor comprising: 
a pair of heating resistors for heating a sensor tube; N 
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a temperature sensor for controlling respective 
temperatures of the heating resistors; and 

case for holding the heating resistors and the 
temperature sensor, 

the flow rate sensor being adapted to detect a flow 
rate of a fluid flowing in the sensor tube, based on 
variations of Voltages applied to the heating resistors, 
which variations b^cur according to the flow rate of the 

fluid, \^ 

wherein (1) the sensor further comprises voltage 
applying means for arbitrarily setting an increase in 
temperature of each of theNaeating resistors, (2) the sensor 
tube has opposite ends thereof thermally connected to the 
case, (3) the temperature sensc^is positioned to be 
equidistant from the opposite ends^ of the sensor tube and 
(4) a sensor tube guide made of a iti^terial having high heat 
conductivity and adapted to cover the sensor tube is 
provided on the sensor tube, the sen sol: tube guide having 
the heating resistors provided thereon. 

6 . A flow rate sensor according to claim 5 , wherein the 
sensor tube has a U-shaped configuration. 

7. A flow rate sensor according to claim 5 X wherein the 
sensor tube guide encloses the sensor tube and is removably 
provided in the case. 

8. A flow rate sensor according to claim 5, wherein a 
plurality of narrow inner tubes are provided within the 
sensor tube. \ 

9. A flow rate sensor according to claim 5, wherein the 
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sensor tube. 

13V A flow rate sensor according to claim 10, wherein the 
heating resistors comprise metallic thin films. 
14. A\ f low rate sensor comprising: 

a pair of heating resistors for heating a sensor tube; 

a temperature sensor for controlling respective 

\ 

temperatures df the heating resistors; and 

a case for\holding the heating resistors and the 

\ 

temperature sensor ,\ 

the flow rate sensor being adapted to detect a flow 

rate of a fluid flowing\in the sensor tube, based on varia- 

\ 

tions of voltages appliedxto the heating resistors, which 

\ 

variations occur according to the flow rate of the fluid, 

\ 

wherein (1) the sensor further comprises voltage 

\ 

applying means for arbitrarily setting an increase xn 

\ 

temperature of each of the heating resistors, (2) the sensor 
tube has opposite ends thereof thermal^ connected to the 
case, (3) the temperature sensor is positioned to be 
equidistant from the opposite ends of the sensor tube, (4) 
the increase in temperature of each of the heating resistors 
is 5°C or less from a temperature of the temperature sensor, 
(5) a sensor tube guide made of a material having\high heat 
conductivity and adapted to cover the sensor tube is^ 
provided on the sensor tube, the sensor tube guide having 
the heating resistors provided thereon and (6) a plurality 
of narrow inner tubes are provided within the sensor tube\ 
15. A flow rate sensor according to claim 14, wherein the 
sensor tube has a U-shaped configuration. 
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heating resistors comprise metallic thin films. 
10. \ A flow rate sensor comprising: 

a\pair of heating resistors for heating a sensor tube; 
a temperature sensor for controlling respective 
temperatures\of the heating resistors; and 

a case for holding the heating resistors and the 
temperature sense 

the flow rate\sensor being adapted to detect a flow 
rate of a fluid flowing in the sensor tube, based on 
variations of voltages applied to the heating resistors, 
which variations occur according to the flow rate of the 
fluid, 

wherein (1) the sensor further comprises voltage 
applying means for arbitrarily getting an increase in 
temperature of each of the heatinck resistors , (2) the sensor 
tube has opposite ends thereof thermally connected to the 
case, (3) the temperature sensor is positioned to be 
equidistant from the opposite ends of the\sensor tube, (4) 
the increase in temperature of each of the heating resistors 
is 5°C or less from a temperature of the temperature sensor 
and (5) a sensor tube guide made of a material having high 
heat conductivity and adapted to cover the sensor ^tube is 
provided on the sensor tube, the sensor tube guide having 
the heating resistors provided thereon. \ 

11. A flow rate sensor according to claim 10, wherein \the 
sensor tube has a U-shaped configuration. 

12. A flow rate sensor according to claim 10, wherein a 
plurality of narrow inner tubes are provided within the 
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F 

ABSTRACT OF DISCLOSURE 

There is provided a flow rate sensor comprising: a 
pair of heating resistors p&r heatjtntf a sensor tube; a 
5 temperature sensor p&r controJJ*ifTg respective temperatures 
of the heating resistors; and a case jMr holdj-nrtf the heating 
resistors and the temperature sensor. The flow rate sensor 
is adapted to detect a flow rate of a fluid flowing in the 
sensor tubev/based on variations of voltages applied to the 

10 heating resistors, \5ihich variations occur according to the 
flow rate of the fluid. The flow rate sensor further 
comprises voltage applying jgeans pvf arbitrarily set;t£iTg an 
increase in temperature of each of the heating resistors. 
The sensor tube has opposite ends thereof thermally 

15 connected to the case. The temperature sensor is positioned 
to be equidistant from the opposite ends of the sensor. 
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